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THE INTERFERENCE BETWEEN STRUTS IN VARIOUS COMBINATIONS

By Davip BiermManNN and Wrinniaa H. HerrNsTEIN, JT.

SUMMARY

This report presents the results of tests made in the
N.A.C.A. 7- by 10-foot wind tunnel to determine the
interference drag arising from various arrangements of
streamline struts and round struts, or cylinders. De-
terminations were made of the interference drag of struts
spaced side by side, struts in tandem, tandem struls
encased in a single fairing, a strut intersecting a plane,
and struts intersecting to form a V. Three sizes of
struts were used for most of the tests.

These tests show that the interference drag arising from |

struts in close proximity may be of considerable magni-
tude, in some instances amounting to more than the
drag of the struts themselves.

INTRODUCTION

With the increasing demand for higher speeds in
flight, attention has been focused on all possible meth-
ods of reducing the drag of aircraft. Considerable
coordinated information has been compiled on the
drag of component parts of airplanes, but relatively
little is known about the interference resulting from
combining these parts into an airplane. Until recently
not much systematic work has been done on the general
subject of interference.

The investigation reported in this paper has been
confined to the determination of interference drag
arising from various combinations of struts, both
streamline andround. Struts were tested, side by side,
in tandem, and intersecting at various angles to form
V’s, Tests were made on a streamline strut inter-
secting plane surfaces of various chords. The drag of
tandem struts encased in a single fairing was de-
termined for two types of fairings. Incidental tests
were made to determine the drag of struts of various
sizes and fineness ratios. Three sizes of struts were
used throughout the program, with some exceptions,
to determine if possible to what extent the rules of
dynamic similarity may be applied to interference
tests in wind tunnels.

Many of the tests herein reported have direct
applications in airplane design. Although there has
been an attempt to cover the subject of strut inter-
ference in a systematic fashion, the limitations of
timé and equipment have necessitated curtailing the
program. Further tests on interference between
struts and wheels are being made in connection with a
study of landing gears, and will be reported at a later

date.
APPARATUS AND METHODS

The N.A.C.A. 7- by 10-foot wind tunnel in which
these tests were made is completely described with its
equipment in reference 1. The standard force-test
model support was used throughout these tests.

The streamline strut models were made from Navy
no. 1 strut-section offsets given in table I. With a few
exceptions to be discussed later, the tests were made
on struts of three section sizes: 1 by 3 inches, 1.75
by 5.25 inches, and 2.5 by 7.5 inches. The models
were made of white pine, sanded smooth and shellacked.
The surface was not highly polished, but was suffi-
ciently smooth to be comparable with good commercial
practice. All model dimensions were held to +0.010
inch. The round struts (cylinders) were made from
seamless steel tubing, accurate to +0.004 inch. The
surface was finished bright but not highly polished.
The diameters of tubing used were 1, 1.75, and 2.5

inches.
STRUT ARRANGEMENTS

Struts alone, streamline and round.,—Preliminary to
the interference tests each different size of strut was
tested for drag. An 8-foot length of strut was mounted
horizontally at its center on the force-test support. At
each tip independently supported struts were mounted
and extended through the tunnel jet boundary, in an
attempt to simulate infinite-length conditions. A gap
of one thirty-second inch was left between the active
strut and each duwnmy extension.

Side-by-side struts, streamline and round.—In or-
der to determine the interference drag arising from two
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parallel struts located side by side, a 12-foot length of
strut was mounted independently above the active
strut previously described. (See fig. 1.) Drag was
measured only on the active lower strut, the assump-
tion being that the drag of the two struts was equal.
The spacing between the struts was varied by moving
the fixed 12~foot length of strut away from the active
strut in small increments until the effects were no
longer noticeable.

Struts in tandem, streamline and round.—The set-
up to measure interference drag of tandem struts was
identical to the one used for side-to-side spacings ex-
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fabric around the pair and doping it. In order to
simulate this condition a special model was built. A
1.75- by 5.25-inch strut was sawed lengthwise along
the plane of meximum thickness. The leading-edge
portion was separated from the trailing-edge portion
by 2 distance of 20 inches and this intervening space
was filled up with five 4- by 1.75-inch boards. This
unit was bolted together, forming a flat-sided section
1.75 inches thick with a 25.25-inch chord and an 8-foot
span. Two dummy tip extensions of the same section
were also made. This model, representing streamline
struts’ faired together with a flat-sided section, was

Fi1GURe L—Streamline struts spaced side by side, showing method of support and dummy tip extensions.

cept that the fixed strut was located first at different
spacings to the rear of the active strut and then located
at different spacings in front of the active strut. The
tunnel balance thus measured the drag of & strut plus
the interference effect of a strut behind it or in front
of it, as the case might be. By simple addition the
interference effect of either strut on the other as well
as the total interference, may be computed.

Tandem struts faired together, streamline and
round.—Tandem streamline struts are sometimes
fawred together by the simple procedure of wrapping

mounted in the tunnel in the same manner as were the
struts alone in previous tests. The spacing of these
hypothetical struts was reduced in increments of 4
inches by successive removal of the intervening boards.
Only one strut size was used for these tests.
Obviously the best and most practicable method of
fairing tandem cylinders that  are relatively close
together is to encase them in a single streamline
fairing. In order to accomplish this it is necessary
to decide on the fairing form to use; the form for mini-
mum drag will vary, of course, with the ratio of cylinder
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diameter to spacing. Since the Navy no. 1 strut sec-
tion has both good aerodynamic and good geometric
properties for housing tandem struts, it was selected
as a basic section for-housing tandem cylinders. The
fairing dimensions to give the least drag for any
cylinder size and spacing may be calculated from tests
on struts of various fineness ratios. Tests were made
on Navy no. 1 struts of four fineness ratios: 3, 4, 6.25,
and 8.34. The variation was made in thickness only,
the chord being held constant at 7.5 inches. These
struts, 8 feet long, were mounted in the tunnel in the
same manner as in previous tests.

A strut intersecting a plane.—Tests were made to
determine the interference drag arising from a 2.25-
by 6.75-inch strut, 23 inches long, intersecting the
surface of the flat-sided section previously used for
fairing tandem struts. The strut was mounted at
the center of the plane with a hinge-type fitting in
such o manner that the angle between the strut and
the plane, measured in a plane perpendicular to the
tunnel axis, could be varied through the range from
20° to 90°. This test was made with planes of three
chord sizes: 25.25 inches, 17.25 inches, and 9.25 inches.
Several sizes of fillets were also used at the intersec-
tion of strut and plane.

Intersecting struts.—Struts intersecting to form a
V in which the included angle could be varied from
15° to 180° were mounted in the tunnel on the regular
force-test support. One leg of the V was supported
at its midpoint, the other leg being allowed to swing
in a plane perpendicular to the tunnel axis. Kach
strut was 32 inches long. No dummy tip extensions
were considered necessary for this set-up, inasmuch as
the interference did not extend to the tips fo an
appreciable extent. Several sizes of fillets were used
for a number of angular settings of the struts.

General considerations.—Although most of the
results were obtained at an air speed of 80 miles per
hour, many of the tests were run at several lower
speeds also. These additional test points were taken
in order to increase the accuracy of the single test
point by determining a curve, and also to show whether
the drag coefficient changed with air speed for any
given set-up. The tare drag was measured for all
struts alone by suspending them independent of the
balance support, providing only a small clearance.
The forces on streamline struts alone were measured
to within #0.03 pound; but for cylinders and for
models in which unsteady flow conditions prevailed
to an appreciable extent they were measured to
+ 0.1 pound.
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RESULTS AND DISCUSSION

The observed data and computed nondimensional
coefficients of drag and interference drag are pre-
sented in tables TT and I and in figures™2 to 14,
inclusive. The terms and coeflicients used are defined
as follows:

Drag coefficient,

CD‘:
qdl
Interference drag=drag of the bodies in combination
—the sum of the drags of the bodies tested sep-

arately
Interference-drag coefficient,

interference drag
gdl

Length of strut equivalent to interference drag

- interference drag
drag per unit length of strut

where ¢, dynamiec pressure in pounds per square foot.
d, diameter or maximum cross-wind dimension
of strut in feet.
[, length of strut in feet.
Nore.—Interference-drag coefficients are based on d
and [ of one strut only.
The drag coefficients are corrected for tare drag and
for. static-pressure variation in the tunnél by the usual
methods.

C'Dtnl =

STRUTS ALONE

Streamline struts.—The results for streamline struts
tested alone are given in figures 2 and 3. Figure 2
shows the variation of C, with Reynolds Number for
the three sizes of struts tested, all of fineness ratio 3.
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FIgURE 2.—Varlation of drag of streamline struts with Roynolds Number. Navy
no. 1 strut section, fineness ratlo, 3.

The drag coefficients are consistently higher than those

obtained from an early test (reference 2), but later
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tests (reference 3) agree more closely with the present
results and indicate that the results of reference 2 were
influenced by the presence of a support strut.

Figure 3, which is only incidental to the present
report, shows the relation between Cp and fineness ratio
for Navy no. 1 struts. These results, too, differ some-
what from those of previous tests in that minimum
drag occurs at a fineness ratio of about 5 instead of at 3
or 4 as observed for other tests. Furthermore, the
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FI1GURE 3.—Drag of Navy no. 1 struts of various fineness ratios. Alr speed, 80
m.p.h. Reynolds Number, 420,000.

drag coefficient does not change as greatly with small
changes of fineness ratio as the other tests show it to
have done. Results from recent N.A.C.A. tests on
symmetrical airfoils (reference 4) agree, however,
fairly well with these results, in that the drag coefficient
does not change rapidly with changes in fineness ratio
within the range from 3 to 7. In view of the differ-
ences between these results and those of former tests,
it is suggested that further investigation be made of the
subject. ’

Round struts (cylinders) alone.—The variation of
Cp with Reynolds Number for three sizes of cylinders is
given in figure 4. In general, these results check
previous tests of cylinders fairly well. It is noted that
each size of cylinder defines a slightly different Cp, for a
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FIGURE 4.—Varlation of drag of cylinders with Reynolds Number.

given Reynolds Number. The reason for this is not
readily apparent, inasmuch as several factors pertinent
to wind tunnels might possibly account for the effect.
More detailed work on this subject would probably
disclose information concerning this effect.
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STRUTS SIDE BY SIDE

Streamline struts.—Streamline struts spaced side
by side 6 diameters or more have little or no inter-
ference effect (fig. 5). For smeller spacings the inter-
ference drag increases gradually with decreases in
spacing down to a spacing of about 2.5 diameters.
For spacings less than 2.5 diameters the interference
increases rapidly with reduction in spacing to a
maximum value not determined in these tests because
of excessive vibration. The magnitude of the inter-
ference drag at these small spacings may be ten or
more times the drag of a single strut. Another signifi-
cant fact is that each size of strut defines a separate
curve, suggesting a Reynolds Number, effect; but with
the exception of struts spaced very close together, the
drag coefficient is constant for all air speeds for each
strut size, indicating the reason for the difference to
be elsewhere. Wind-tunnel conditions influencing the
results on cylinders as previously noted may possibly
be responsible for these discrepancies.

Probably the most reasonable explanation for the
cause of interference between two streamline struts
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F1GURE 5.—Eflect of side-by-side spacing on interference drag of streamline struts,
Navy no. 1strut sectfon, fineness ratio, 3. Air speed, 80 m.p.h.
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spaced side by side is that the flow cannot follow the
contour of the adjacent strut surfaces. Streamline
struts spaced relatively close together form an effective
venturi having a high degree of divergence. Upon
passing the throat of the venturi the air flow does not
expand sufficiently to fill the diverging passage.
Owing to losses in the boundary layer, sufficient kinetic
energy is lacking in the air stream to overcome the
increasing pressure in the expanding jet.
Cylinders.—As is the case for streamline struts,
the interference drag of cylinders side by side increases
gradually with reduction of spacing for intervals less
than 5 or 6 diameters (fig. 5); but instead of rapidly
increasing for spacings less than 2.5 diameters, the
interference drag varies between wide ranges of posi-
tive and negative values. For 2.5- and 1.75-inch cyl-
inders a critical region exists at about 1.75-diameter
spacing, where the interference drag may be either
positive or negative, depending, of course, on the flow
pattern existing at the time. Apparently the type of
flow changes rapidly with a change in spacing; it may
even change while the spacing is held constant. The
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rapid decreases in drag are probably due to the fact
that the trailing vortices behind the two cylinders join
or interlock for certain spacings to form only a single
path, resulting in a decreased amount of disturbed air.
For spacings less than 1.25 diameters the interference
drag increases very rapidly with decreases in spacing.

STRUTS IN TANDEM

Streamline struts.—Figure 7 shows the interference
drag resulting from spacing streamline struts in tan-
dem. Since separate measurements were made on
cach strut, a more general picture was obtained of the
flow conditions than if the struts had been combined
in one unit, Several notewerthy results were obtained
from these tests. First, the drag of the rear struf is
increased to some extent by the presence of the front
strut for all spacings tested, the magnitude being
much greater for small spacings. Second, the drag
of the front strut is reduced an almost equal amount
by the presence of the rear strut. For spacings less
than 4.5 diameters the net front-strut reaction is
actually in an upstream direction. Third, considering
the two struts as a unit, the drag is increased a small
amount throughout the range, reaching a maximum
at about 4 diameters. Fourth, the agreement of resulis
is excellent for all sizes of struts tested.

The probable reason for the relatively high upstream
force on the front strut and the downstream force on
the rear strut is the presence of a region of increased
pressure head between the struts, gained at the expense
of velocity head. -

Cylinders.—The results of tandem-cylinder tests are
somewhat different from those of tandem streamline
struts (fig. 8), in that the drag of the rear cylinder is
decreased in the presence of the front cylinder, while
the drag of the front cylinder is not greatly affected
by the presence of the rear cylinder. The magnitude
of interference does not change appreciably for spacings
greater than 4 diameters. For smaller spacings the
drag of the rear cylinder decreases rapidly with de-
creages in spacing. For spacings less than 3 diameters
the rear-cylinder reaction is forward. For spacings
less than 3.5 diameters the net drag of both cylinders
is less than the drag of ®ne cylinder.

The probable reason for the reduction of drag of the
rear cylinder is its presence in the turbulent wake of the
front cylinder. The effect of turbulent flow on the
drag of cylinders is well known (reference 5). How-
ever, turbulence alone will not explain the decrease in
drag for small spacings. For these spacings the vor-
tices produced by the front cylinder probably partly
encircle the rear cylinder, impinging on the back
surface with sufficient force to produce a forward
reaction.
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TANDEM STRUTS FAIRED TOGETHER

Streamline struts.—The drag of tandem streamline
struts is materially reduced for spacings less than 10
diameters by fairing them with the flat-sided fairing
(fig. 9). Throughout the practical range the drag is
proportional to the spacing of the struts. For spacings
greater than 10 diameters it is impractical to fair struts
by this method.

Cylinders.—Although an additional decrease in
drag may be obtained for tandem streamline struts by
enclosing them in a streamline fairing, this method of
fairing was confined to cylinders. However, for most
cases the same streamline fairing used for cylinders
will also fit streamline struts. Hence, the curve
(fig. 9) llustrating the variation of drag with spacing
for cylinders faired together with a streamline section
also applies, in general, to tandem streamline struts.
It is noteworthy that this type of fairing is materially
better than the flat-sided type in that the drag is
considerably lower throughout the range and the
maximum practical spacing is increased to about
12 diameters.

The method of obtaining this curve was not direct
because it was impossible to determine the dimensions
of the minimum-drag fairing for each strut spacing
without first testing a series of different thickness
gections. The drag of a complete series of fairings,
covering the practical range of cylinder diameter-
spacing ratios, was calculated from the data of tests
on Navy no. 1 struts of different fineness ratios (fig. 3).
Figure 10 shows the fairing fineness ratio at which
minimum drag occurs for different cylinder spacings.

Figure 11 is a working chart for the determination of
dimensions for tandem-cylinder fairings having mini-
mum drag. To use the chart one need know only the
cylinder or tube spacing in terms of cylinder diameter.

"The fairing chord may be read directly from the oppo-

site side of the chart and the section thickness from the
abscissa. With these dimensions the section ordinates
may be calculated from table I. In case the cylinders
are of unequal size the average should be taken. This
method works out fairly well for cylinders of nearly
the same sgize but may err somewhat for great differ-
ences in size. The chart is also applicable to stream-
line struts, providing that the diameters of the struts be
assumed as slightly larger than they are. This modi-
fication will allow the necessary clearance for the nose
and tail of the struts.

A STREAMLINE STRUT INTERSECTING A FLAT SURFACE

The results of tests on a streamline strut intersecting
a flat surface at various angles are given in figure 12.
Interference drag is given in terms of the equivalent
drag of a length of strut. Drag orinterference-drag
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coefficients are not applicable because of the lack of a
length dimension. With the strut perpendicular to
the 25.25-inch chord plane the interference drag is zero,
but it increases gradually with decreases in angle
between strut and plane. For an angle of 20° the
interference drag is equal to the drag of a strut 14

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

tion in plane chord. Any direct application of these
results to design should be tempered with judgment.
These tests are probably more valuable for demon-
strating flow conditions than for any general applica-
tion.

Table IT shows the results from some tests on fairing

diameters long, or in this case 31.5 inches. the intersection between plane and strut. TFor the
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It is interesting to note the increases in interference
with decreases in the chord of the plane. For the
17.25-inch plane with a strut setting of 90° the inter-
ference drag is equal to the drag of a strut about 3
diameters long, and for the 9.25-inch plane to one of 9
diameters. Evidently the chord of the plane materially

affects the flow, increasing the interference with reduc-

Strut spacing on center line, diameters

Curve A, streamline struts in tandem.
Curve B, strats fafred together with parnllel-sided falring.
Curve O, drag of Navy no. 1 strut of optimum fineness ratio for enclosing
cylinders.

F1aurE 9.—Eflect of falring together tandem struts,

strut mounted perpendicular to the 25.25-inch plane
the interference drag is shown to be zero if the fitting
is not exposed. Fillets of the usual type failed to
reduce the drag, and even increased the drag for the
fillet of largest radius.

With the strut inclined 20° to the 25.25-inch plane,

the attempt to reduce the interference by modifying
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the effect of the acute angle with the usual type of
constant-radius fillets failed. However, the interfer-
ence drag was reduced 31 percent by the modification
designated “1” on the sketch. This modification was
considered to be of practical value because the strut
fitting is often relatively small in comparison to the
strut diameter, allowing a modification of this type to
be made. Modification 1 also reduced the interference
drag for the strut inclined 30° to the 17.25-inch plane.
Furthermore, fillets reduced the drag even more,
amounting to a total reduction of interference drag
of 50 percent. With the strut inclined 30° to the
9.25-inch plane modification 1 reduced the interference
drag 15 percent. A fillet failed to decrease the drag
further.

STRUTS INTERSECTING TO FORM A V

Streamline struts.—Figure 13 shows the interference
resulting from streamline struts intersecting at various
angles to form V’s. The interference was assumed to
be equal to zero when the struts were placed end to
end, forming one continuous strut. With reduction
of the angle between the struts the -interference
increases fairly uniformly for all three sizes of models
tested, reaching & maximum at about 30°. The prob-
able reason for the reduction in interference for angles
less than 30° is the rapid overlapping of the struts
near the hinge point, inasmuch as the axis of rotation
lies'on the strut center lines. The maximum value of

interference is equal to the drag of a strut from 27 to

35 diameters long, depending upon the size of the
strut. For the 2.5-inch strut, this amounts to an
equivalent strut length of 80 inches.

The conditions in these tests that give rise to inter-
ference are very similar to those encountered for struts
spaced side by side, in that the surfaces of the struts
which face each other are divergent. However, in
these tests there is the additional effect of the acute
angle, which probably increases the interference.

Table III shows the results of some miscellaneous
fillet tests made on intersecting streamline struts.
Because of the small differences in forces it was impos-
sible to obtain very satisfactory results. For the 1by
3 inch strut, fillets were found to have detrimental
effects, increasing the interference as much as 51 per-
cent. For the larger struts, fillets consistently reduced
the interference for all angular settings of the struts
tested.

Cylinders.—The interference drag of cylinders inter-
secting at various angles is negligible, as can be seen
from ﬁgure 1. GENERAL REMARKS

Although these tests furnish some interesting and
usable data on the interference of struts in various
combinations, this particular branch of the study of
interference deserves much more consideration. There
are other basic strut combinations which could be
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tested to advantage, and the i"elationships between
interference, turbulence, tunnel speed, and model
gize could be more fully studied with profit.

CONCLUSIONS

The results of this investigation indicate the
following:

1. Streamline struts spaced side by side 5 diameters
apart or more have little or no interference. For
closer spacings the interference drag increases rapidly
with reduction of the interval.

2. Cylinders spaced side by side 5 diameters apart
or more have practically no interference; for spacings
less than 5 diameters the interference may be highly
favorable or unfavorable, depending upon the size
and spacing of the cylinders.

3. When streamline struts are placed in tandem the
drag of the front strut is decreased by the presence of
the rear one, while the drag of the rear strut is in-
creased by the presence of the front one. This effect
exists for all spacings tested, but the magnitude in-
creases rapidly for spacings less than six times the
strut thickmess. The resultant interference drag for
the combination is unfavorable throughout the range.

4. When cylinders are placed in tandem the drag of
the front cylinder is but little affected by the presence
of the rear one, while the drag of the rear cylinder is
greatly reduced by the presence of the front one.
The resultant interference is highly favorable for all
spacings tested.

5. Tandem streamline struts spaced less than 10
diameters apart may be faired together to advantage
with a flat-sided section, and to a greater advantage
by encasing the struts in a streamline fairing.

6. The interference drag of a streamline strut inter-
secting a plane of finite thickness increases with a
decrease in the chord of the plane, within the range
tested, and also with a decrease in the angle between
strut and plane.

7. For streamline struts intersecting to form a V
and lying in a plane perpendicular to the air stream
the interference drag increases with decreasing in-
cluded angle, reaching a maximum value at about 30°.
For angles less than 30° the interference decreases
with decreasing included angle.

8. For cylinders intersecting to form a V and lying
in a plane perpendicular to the air stream the inter-
ference drag is negligible for all values of the included

angle.

LaANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NaTioNaL ApvisorRY COMMITTEE FOR ABRONATUTICS,
Lanerey Fiewp, Va., June §, 1933.



THE INTERFERENCE BETWEEN STRUTS IN VARIOUS COMBINATIONS 523

REFERENCES TABLE I

1. Harris, Thomas A.: The 7- by 10-Foot Wind Tunnel of the
National Advisory Committee for Aeronauties. T.R. NAVY NO. 1 STRUT OFFSETS

No. 412, N.A.C.A,, 1931.
2. Zahm, A. F.; Smith, R. H.; and Hill, G. C.: Point Drag and %oc | Bd |l Be | Bd
Total Drag of Navy Struts No. 1 Modified. T.R. No.
137, N.A.C.A., 1022. is | F1 B|SsT
3. Smith, R. H.: Air Forces on Three Series of Navy No. 1 I 0%
Struts. Report No. 406, Construction Dept., Washington 051 2 n| B2
Navy Yard, 1929. 15 83.6 90 | 3.8
4, Jacobs, Eastman N.; Ward, Kenneth E.; and Pinkerton, N o .
Robert, M.: The Characteristics of 78 Related Airfoil 30 9.8 00 | 0.0

Sections from Tests in the Variable-Density Tunnel.
T.R. No. 460, N.A.C.A., 1932.

5. Dryden, H. L., and Heald, R. H.: Investigation of Tur-
bulence in Wind Tunnels by a Study of the Flow about
Cylinders. T.R. No. 231, N.A.C.A., 1926.

TABLE II
MISCELLANEOUS FAIRING TESTS8 ON INTERSECTION BETWEEN STREAMLINE STRUT AND PLANE
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TABLE II1

MISCELLANEOUS FILLET TESTS ON STREAMLINE
STRUTS INTERSECTING AT VARIOUS ANGLES
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